Interest in bladder physiology has increased immensely in the last few decades. The impulse to widen our knowledge has of course been a sheer curiosity for a better understanding of the normal physiology of bladder emptying mechanisms and the application of this knowledge to the various pathological conditions that urologists see so frequently. Besides this, technical advancement has made it possible to perform more accurate measurements, with less interference with micturition itself, than previously.
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Measurement of the flow rate has accumulated a considerable amount of interest. Very often the patient does not seek medical advice until the stream has turned into a slow dribble and the impairment of flow is then quite obvious. But in other cases the patient's report on his rate of flow can be rather unreliable. To this a misinterpretation is often added: the patient with an obstruction often states that the pressure is lower than it used to be, but the pressure is in fact often considerably elevated in these conditions. Flow measurements can be achieved in many ways. Let me mention a few that have been published and used in either clinical or scientific work. The first that can be done is to measure the amount voided and the time it took, the micturition time. Dividing the volume by the time, an expression for the average flow can easily be calculated. However, this result can be very misleading. In most cases the maximum flow is much more interesting to us than the average flow.
In order to follow the whole course of micturition with exact measurements several devices have been developed. A few will be mentioned to illustrate some of the principles applicable to this problem.
If the urine is collected in a container a float on the surface can be made to move a pen (Gr6nvall 1925) . If the container is suspended by a spring its movements can be recorded (Drake 1948 , Kaufman 1957 There have been numerous other attempts to solve the problem of flow measurement, some simple, some very complicated. In one method the urine was collected in several separate chambers (Drake 1954 , Koontz & Rowan 1967 , either rotating under a funnel that caught the stream or according to the flow rate (Brotherus 1963 Gierup et al. (1969) , and others have used a conversion vessel where the urine entered a container and the corresponding amount of expelled air was measured either by a rotameter or by a pneumotachograph. At least Gierup managed to measure extremely small amounts of urine in his studies of infants and children.
There are probably many more devices where at least the maximum flow could be read with some accuracy.
After trying several models over the years we have arrived at the following criteria for flow measurements: (1) The patient should be left alone and in privacy. (2) The equipment should not interfere with micturition by either appearance or sound. (3) Men should normally micturate in a standing position and women when sitting down. (4) Routine investigation of the collected urine specimen should be possible. (5) The apparatus must be easy to clean. (6) The measurements should be as exact as possible. (7) The record should be available immediately. Instead of having a double set-up in two lavatories we have made a simple arrangement in one lavatory which can be adjusted to fit both sexes (Fig 1) . For each patient a stainless steel, sterile basin is placed on the measuring device and this is afterwards removed by the staff and the urine dispatched to the laboratory. The recording apparatus is placed in an adjacent room. No cleaning of the apparatus itself is necessary and traces ofurine are not left behind.
Whatever method of flow evaluation is used there will always be some errors of measurement which are well worth trying to determine. I will mention the more obvious ones. There will always be a time lag from the moment when a drop of urine leaves the meatus until it hits the container. This time lag may be extra long if the urine has to pass through funnels and water locks. The electronic device might have a time lag of its own and the force of the stream might in itself influence the measurement by the impact it exerts. Modem electronic equipment could be adjusted to compensate for most of the errors and we consider that our present design approaches closely to the criteria mentioned.
No apology is needed for this somewhat lengthy consideration of flow rates and their measurement, which is fundamental to clinical use.
Another consideration is thepressures involved. First is the intravesical pressure. In order to measure this, some device has to be introduced into the bladder. We use a thin Teflon catheter with an outer diameter of 1-5 mm, introduced either through the urethra or by the suprapubic route. In healthy persons no interference seems to occur in either pressure or flow by a catheter of this size in the urethra. In patients with obstruction and in children, who do not like any manipulation in the urethra, the suprapubic route is preferred. In both cases the catheter is The aim of all these measurements has been to study bladder physiology under normal conditions, to be able to understand the interaction between the detrusor muscle and the sphincters as well as the elastic properties of the urethra. We know that flow rate is proportional to the initial volume up to a certain limit. We also know that increase in pressure (the expelling force) is not correlated to increase in flow and so the latter, in the case of larger volumes, can only be explained by a lower resistance at the outlet. It seemed to me in 1958 that the bladder had an increased ability to pull apart the bladder neck, thus creating a lower resistance when larger volumes were involved. Sundblad (1971) maximal flow, indicating, so to speak, that the faster the detrusor gets a grip on the volume inside the bladder the better the flow will be. These studies will, when fully described, make possible a better understanding of the events during micturition, at least in normal women. What the corresponding figures look like in men still has to be investigated.
After this long resume of the theoretical research investigations I must say something about the practical implications. Investigations are in progress that aim to clarify micturition under normal and pathological conditions, but these concern highly specialized units and will not be discussed further. Instead, I will consider the clinical use of measurements that can be made with equipment already at hand or within easy reach of those interested.
We use the flow rate routinely in clinical work and it can help us to correlate the patient's description with our own diagnosis. I think urethral stricture is the best example. The patient may be quite satisfied, as is often the case both in strictures and in bladder neck sclerosis, but the flow curve can reveal a maximum stream of only a few ml per second; this finding indicates in itself a need for dilatation or for surgery. On the other hand, the flow may still be so good that planned dilatation can wait.
In hyperplasia of the prostate the flow curve has an almost normal first part but it seems as if the capability of the detrusor to pull open the outlet is soon lost and the result is the familiar dribbling at the end, with residual urine.
If the flow curve is irregular it may indicate a neurogenical disorder or perhaps an obstruction where the patient has to strain in order to force out the urine. In these cases further measurements of pressures are required.
I must, however, warn against any hope that these micturition measurements alone can answer all the questions regarding neurogenic disorders, such as the level of injury, the prognosis, and so on. It might be of value when you have to decide which bladder training programme is best suited for one individual at a certain stage of his disease.
One of my collaborators has followed flow and pressure in a series of paraplegics by recording simultaneously electromyographic impulses from the sphincters. In some cases it was quite obvious that the induced detrusor activity also stimulated sphincter activity, thus showing an abnormal interaction between detrusors and sphincters. This might well explain the emptying difficulties these individuals often have despite a fairly high intravesical pressure.
In bladder hypertension and in some cases of incontinence the use of anticholinergic drugs is sometimes advisable. The action of the drug can easily be evaluated by simple measurements of flow and pressure before and after its administration. The duration of drug action can also be evaluated.
To sum up the clinical use of measurements of micturition parameters: Flow measurements can be of value in outpatients and in clinical routine work to show the degree, and sometimes even the type, of obstruction. Pressure measurements concern more specialized units and help to evaluate the action of the detrusor and other muscles and their interaction with the sphincters. A complete investigation of all the parameters and perhaps also electromyography of the sphincters remains at present in the realm of bladder physiological research, some of the aims of which I have tried to show in this lecture.
